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Abstract. This study investigates the salinity tolerance 
and the pattern of osmotic and ionic regulation of Bytho- 
graea thermydron Williams, 1980, a brachyuran crab en- 
demic to the deep-sea hydrothermal vent habitat. Salinities 
of 33%e-35%c were measured in the seawater surrounding 
the captured specimens. B. thermydron is a marine steno- 
haline osmoconformer, which tolerates salinities ranging 
between about 31%. and 42%c. The time of osmotic adap- 
tation after a sudden decrease in external salinity is about 
15-24 h, which is relatively short for a brachyuran crab. In 
the range of tolerable salinities, it exhibits an iso-osmotic 
regulation, which is not affected by changes in hydrostatic 
pressure, and an iso-ionic regulation for Na” and Cl”. The 
hemolymph Ca?” concentration is slightly hyper-regulated, 
K* concentration is slightly hyper-hypo-regulated, and 
Mg?" concentration is strongly hypo-regulated. These findings 
probably reflect a high permeability of the teguments to water 
and ions. In addition to limited information about salinity 
around hydrothermal vents, these results lead to the hypothesis 
that B. thermydron lives in a habitat of stable seawater 
salinity. The osmoconformity of this species is briefly dis- 
cussed in relation to its potential phylogeny. 


Introduction 
Hydrothermal vents, first discovered in 1977 on the Ga- 


lapagos Ridge. are unique deep-sea habitats. They are char- 
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acterized by variable and extreme conditions of some phys- 
icochemical parameters. in particular by high temperature, 
high sulfide and metal content, high level of carbon dioxide, 
low level of oxygen and low pH (Truchot and Lallier, 1998; 
Sarradin et al., 1998, 1999). To live in this environment, 
biological communities associated with the vents have de- 
veloped behavioral. physiological, morphological, and re- 
productive adaptations such as symbiosis (Fisher, 1990), 
physiological and biochemical systems for sulfide detoxifi- 
cation (Powell and Somero. 1986; Cosson and Vivier, 1997: 
Geret et al., 1998; Truchet et al., 1998), behavioral and 
molecular responses to high temperature (Dahlhoff et al., 
1991; Dixon et al., 1992; Segonzac et al., 1993; Desbru- 
yeres et al., 1998; Fisher, 1998), and specialized sensory 
organs to locate hot chimneys (Jinks et al., 1998). 

Among this vent fauna live endemic brachyuran decapod 
crustaceans (superfamily: Bythograeoidea Williams, 1980; 
family: Bythograeidae Williams, 1980; genera: Bythograea 
Williams, 1980; Cyanagraea de Saint Laurent, 1984; Seg- 
onzacia Guinot, 1989; Austinograea Hessler and Martin, 
1989) (Tudge et al., 1998). They have been found in all the 
known hydrothermal vents—Bythograca and Cyanagraea 
in the East Pacific. Austinograea in the West Pacific, Seg- 
onzacia in the mid-Atlantic (Tunnicliffe er al., 1998). In- 
formation published on these brachyurans includes studies 
on their biogeography and evolution (Hessler and Wilson, 
1983: Newman, 1985: Tunnicliffe, 1988). reproductive bi- 
ology and larval development (Van Dover et al, 1984, 
1985; Epifanio et al., 1999), and ecology and distribution 
(Van Dover, 1995; Guinot and Segonzac, 1997). Probably 
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due to the difficulty of getting live specimens, physiological 
studies are scarcer and have addressed aspects of respiration 
(Lallier er al., 1998), sulfide detoxification (Vetter ef al., 
1987), and temperature or pressure effects on the mitochon- 
dria, heart rate, or oxygen consumption rate (Mickel and 
Childress, 1982a,b: Dahlhoff et al., 1991) of these crabs. 

To our knowledge, no information is available on the hy- 
dromineral metabolism of the hydrothermal vent animals and 
particularly of the brachyuran crustaceans. Salinity is one of 
the main environmental factors exerting a selection pressure on 
aquatic organisms, and the successful establishment of a spe- 
cles in a given habitat depends on the ability of the organisms 
to adapt to, among other factors, the typical level and variations 
in salinity (Charmantier, 1998). This major adaptive process is 
achieved through different hehavioral or physiological mech- 
anisms. Osmoregulation is one of the most important of these 
mechanisms in some animal groups, including crustaceans. It 
has been explored in the adults of numerous crustacean species 
(reviews in Mantel and Farmer, 1983: Péqueux, 1995). 

The present study has been conducted with one species of 
bythograeid crab from hydrothermal vents, Bythograea 
thermydron Willams, 1980. This crab is the most fre- 
quently observed {density about 20 individuals per m° (Gui- 
not and Segonzac, 1997)] and captured species among 
brachyuran crustaceans on the East Pacific sites (Guinot, 
1989). It is found predominantly in the warm water 
(>20°C) surrounding mussels and vestimentiferans on 
which it feeds, and also at the periphery of the vent areas 
where temperature is about 2°C (Grassle, 1986, cited by 
Epifanio et al., 1999). These habitats, influenced by the 
spatially and temporally variable input of hydrothermal 
fluid, are greatly variable over short time and distance. 
Information on their salinity does not exist or is unpub- 
lished. It is thus unclear whether the salinity of the water 
surrounding the vents is as stable as the deep-sea water 
environment or is variable under the influence of the hy- 
drothermal fluid. Physiological studies have indicated that 
adults of B. therniydron are tolerant of wide variations in 
temperature, dissolved oxygen, and hydrogen sulfide 
(Mickel and Childress, 1982a,b; Vetter ef al., 1987; Airries 
and Childress, 1994), but their ability to tolerate salinity 
variation and to osmoregulate is not known. The objectives of 
the present study were thus to evaluate the salinity tolerance 
and the pattern of osmoregulation of B. thermydron. The 
salinity of the natural habitat of the crab was also measured. As 
the hemolymph osmolality of crustaceans is mostly established 
by inorganic ions (essentially Na” and Cl) (Péqueux, 1995), 
the ionic regulation of this crab was also studied. 


Materials and Methods 


Animals 


Adults of Bythograea thermydron were collected by the 
submarine Nautile, using resin watertight containers (about 


1 X 0.5 X 0.5 m), on the East Pacihe Rise (EPR) on the 
13°N and 9°N sites [12°46-50'N. 103°57'W and 9°50'N. 
104°17'W (Tunnicliffe et al., 1998)]. at a depth of about 
2500 m, during the HOPE 99 mission in May 1999. Only a 
small number of crabs were available, which resulted in 3 to 
10 individuals for each experimental condition. As this 
species seems incapable of long-term survival outside the 
high-pressure environment of the deep sea (Mickel and 
Childress, 1982a: Airries and Childress, 1994), most of the 
crabs were transferred into aquaria with running aerated 
Pacific surface seawater as soon as they reached the ship 
Atalante, and they were used in the following hours for 
experiments conducted on board, at atmospheric pressure, at 
a water temperature of 13°C. Some of them were also 
exposed to high pressure (see below). Crab cephalothoracic 
widths were 6—8 cm. Their molt stages (Drach, 1939) were 
not checked, but soft (post-molt) crabs were not used in 
experiments. 


Ambient salinity 


Water samples from the depth of the Riftia pachyptila 
ring on the 13°N and 9°N EPR sites were collected in 
750-ml titanium syringes manipulated by the Nautile. The 
water osmolality in mosm/kg was measured on an automatic 
micro-osmometer (Wescor Varro 5520). The corresponding 
values of salinity in parts per thousand were calculated by 
interpolation of data according to Weast (1969). 


Preparation of inedia 


Dilute media were prepared by adding fresh water to 
Pacific surface seawater (1002 + 2 mosm/kg: approxi- 
mately 34.6%0), and high-salinity media were prepared by 
adding ocean salts (Wimex, Germany) to seawater. Salini- 
ties were expressed as osmolality (in mosm/kg) and salt 
concentration (in parts per thousand). The osmolality of the 
media was measured with a Wescor Varro 5520 micro- 
osmometer. Media with the following osmolalities and cor- 
responding salinities were prepared: 740 mosm/kg (25.4%), 
800 (27.5), 900 (31.0), 1002 (34.6), 1100 (38.2), 1200 
(41.9), 1300 (45.7). Experiments were conducted at 13°C in 
40-1 aerated aquaria that were kept in the dark except at the 
time of sampling, when light was briefly necessary. 


Salinity tolerance 


The objective of the experiment was to estimate the 
survival time of the crabs at different salinities. The crabs 
were transferred directly from seawater to the experimental 
media. Observations were made and dead individuals were 
removed 1, 2, 3, 5, 6, 12, 15, and 24 h after the beginning 
of the tests. The absence of body movement after repeated 
touches with a probe was considered as a proof of death. 
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Hydromineral regulation 


Acclimation time. To estimate the time necessary for 
hemolymph osmolality stabilization following a decrease in 
salinity, the crabs were first transferred from seawater (1002 
mosm/kg), into a 740-mosm/kg medium. Hemolymph sam- 
ples were taken from surviving animals after 0, 2.45, 5, and 
15 hin the dilute medium. As 75% of the animals were dead 
at 15 h and 100% shortly afterward, a second experiment 
was conducted in an 800-mosm/kg medium. Survival was 60% 
at 12 h and 17% at 24 h. Hemolymph samples were taken from 
the surviving crabs after 0, 1, 2, 3, 6, 12, 24, and 48 h. 

Osmotic regulation. The hemolymph osmolality of some 
crabs was measured as soon as they were brought on board. 
The crabs were then transferred to the different media, and 
their hemolymph osmolality was remeasured after a period 
of osmotic stabilization in each medium; the length of this 
period was determined from the results on adaptation time. 
A similar experiment was conducted under high pressure, at 
15°C. The crabs were immersed in an 800-mosm/kg me- 
dium, in individual 400-ml containers set in a 19-1 pressur- 
ized tank called “Incubateur Pressurisé pour l’Observation 
en Culture d’Animaux Marins Profonds” (IPOCAMP) 
(Shillito, unpub.). The crabs were subjected for 13 h to a 
pressure of 260 bars, which approximates the pressure at the 
site of capture. The hemolymph was then sampled and its 
osmolality was measured. 

For sampling, the crabs were rinsed with deionized water 
and dried with absorbent paper. Hemolymph was sampled 
with a hypodermic needle mounted on a syringe and in- 
serted at the basis of a posterior pereiopod. The osmolality 
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of a I0-ul sample of hemolymph was immediately mea- 
sured on the Wescor Varro 5520 micro-osmometer. 

Ionic regulation. Hemolymph from the same samples 
was quickly diluted to 25% in deionized water, stored in 
Eppendorf tubes, and kept at — 80°C. After transport to the 
Montpellier laboratory in liquid nitrogen, the hemolymph 
and media samples were dissolved in deionized water to the 
appropriate volume, and their ionic contents were deter- 
mined using an amperometric Aminco-Cotlove chloridime- 
ter for the titration of Cl”, an Eppendorf flame photometer 
for Nat, K*, Ca**, and a Varian AA-1275 atomic absorp- 
tion photometer for Mg”~. 


Statistical analysis 


Statistical comparisons of experimental data were per- 
formed by one-way analysis of variance (ANOVA) (Sokal 
and Rohlf, 1981) by using the software StatView 4.02 
(Abacus Concept, Inc.). 


Results 


Ambient salinity 


The salinity measured from bottom seawater samples was 
996-1007 mosm/kg at the 13°N EPR site, and 950 
mosm/kg at the 9°N EPR site. 


Salinity tolerance 


The survival rates of adults of Bytliograea thermydron in 
Figure | were different according to salinity and decreased 





24 


12 18 
Time (h) 


(in %) at different salinities according to the time of 


exposure, Number of crabs per condition at the start of the experiment: 3 to 10. 


170 A-S. MARTINEZ ET AL. 


with the time of exposure (Fig. 1). They decreased sharply 
to less than 25% within 15-24 h at the highest (1300 
mosnV/kg) and lowest (740, 800 mosm/kg) salinities. Sur- 
vival was higher in seawater (1002 mosm/kg) and in salin- 
ities ranging from 900 to 1200 mosm/kg. 


Hydromineral regulation 


Acclimation time. The time of adaptation after a sudden 
change in salinity was evaluated at two low salinities (Fig. 
2). In both media, the hemolymph osmolality decreased 
sharply within 12 h. After 15 h in the 740-mosm/kg me- 
dium, hemolymph osmolality had decreased to 805 mosm/ 
kg—that is, to about 65 mosm/kg above the medium osmo- 
lality. As all crabs had died before 24 h, it was not possible 
to determine whether hemolymph osmolality had entirely 
stabilized at 15 h. After a transfer to the 800-mosm/kg 
medium, the hemolymph osmolality stabilized within 24 h. 
lts mean values were respectively 817 and 808 mosm/kg (no 
significant difference) after 24 h and 48 hin this medium. in 
subsequent experiments, the time of exposure to different 
media was based on these results and was kept in general at 
15-24 h. 

Osmotic regulation. Upon the arrival of the crabs on 
board the ship following their transfer from the bottom, their 
hemolymph osmolality was 1025 + 4 mosm/kg (n = 18) 
and 984 + 12 mosm/kg (n = 29) at the 13°N EPR and 9°N 
EPR sites respectively. The ability of the crabs to osmo- 
regulate was then evaluated in the range of tolerable salin- 
ities between 900 mosm/kg and 1200 mosm/kg. The crabs 
osmoconformed in the whole range of tested salinities (Fig. 
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3A). The hemolymph osmotic concentration was close to 
that of the medium, different from it by only 9 to 22 
mosm/kg, 15 mosm/kg on average. 

The hemolymph osmolality was also measured in crabs 
maintained in the 800-mosm/kg medium, under a pressure 
of 260 hars. The mean value of hemolymph osmolality 
following this treatment for 13 h was 860 + 9 mosm/kg 
(n = 3), not significantly different from the value of 856 + 
6 mosm/kg (n = 3) in control crabs kept in the same 
medium for 13 h under atmospheric pressure. 

Tonic regulation. The results concerning hemolymph ion 
concentrations in the different media are given in Figure 
3B-F. In seawater, Na™ and Cl~ were the main osmoeffee- 
tors in hemolymph since they accounted for about 95% of 
the total hemolymph osmolality, and this trend was retained 
in all media. The hemolymph Cl” concentration followed 
that of the medium in the whole range of tolerable salinities. 
It tended to he slightly hypo-regulated in most media (Fig. 
3B). Na* regulation was iso-ionic: hemolymph Na“ con- 
centration constantly remained slightly above that of the 
medium, by 8 to 23 mEq Na‘/l! (Fig. 3C). K* was 
slightly hypo-regulated (by approximately 2.5 mEq K*/ 
1 ') in the media in which concentrations were above 10.5 
mEq K*/~' (900 mosm/kg), and it was slightly hyper- 
regulated (by approximately 3.5 mEq K*/1~') in the lowest 
salinity (800 mosm/kg, 9.3 mEq K*/! ') (Fig. 3D). Hemo- 
lymph Ca?” concentration was slightly hyper-regulated (by 
1.2 to 3.6 mEq Ca? /17 }) at most tested salinities (Fig. 3E). 
Hemolymph Mg** concentration was strongly hypo-regu- 
lated (by about 33 to 57 mEq Mg°*/17!) over the entire 
range of salinities (Fig. 3F). 


Bythograea therniydrou 
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Bythograea thermydron, Change in hemolymph osmolality according to the ume after rapid 


transter from Pacific surface seawater (1002 + 2 mosm/kg) to dilute media at 740 mosm/kg and 800 mosm/kg. 


Error bars: mean + SD, n: 4 to 6 individuals 
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Figure 3. Bythograea thermydron. Variations in hemolymph osmola- 
lity (A: O.P.) (osmotic pressure in mosniv/kg) and ionic concentrations (B 
to F) (in mEq? 1 ') after hemolymph osmolality stabilization (about 15-24 
h), in relation to the osmolality or ionic concentration of the medium. Time 
of exposure to the different media was 24 h (A) or 15-24 h {B to F). Error 
bars: mean + SD; z: 3 to 12 individuals; isoconcentration lines are drawn. 


Discussion 

Salinity tolerance 

The limited number of available animals and lack of time 
and space on board the ship prevented long-term tolerance 
experiments. Specimens of Bythograea thermydron sur- 
vived for 24 h in a narrow range of salinities ranging from 
about 31%c to 42%c. These crabs, unable to withstand a great 
extent of salinity fluctuations, are thus stenohaline animals. 
They share this feature with other species of decapods 
whose habitat is most often restricted to seawater, for ex- 
ample. the Majidae, the Cancridae, and the Calappidae 
(review in Mantel and Farmer, 1983; Péqueux, 1995), 


Acclimation time 


In B. thermydron, the time required to reach an osmotic 
steady-state after a sudden decrease in external salinity was 


about 15 to 24 h. This is short for a brachyuran crab, similar 
to the 15 h required for osmotic equilibration in osmocon- 
formers such as the Majidae Maja sp. and Hyas sp. trans- 
ferred to 75% seawater (Prosser and Brown, 1965). Osmotic 
adaptation requires longer times in strongly osmoregulating 
species, such as 48 h in osmoregulating crabs (Charmantier, 
1998) and up to 96 h in crayfish (Susanto and Charmantier, 
2000). The short acclimation time found in B. thermydron 
probably indicates a relatively high exchange of water and 
ions between the organism and the external medium and a 
high permeability of the body surface in this species: it also 
reflects the weak salinity stress applied. 


Hydromineral regulation 


B. thermydron osmocontormed over the narrow range of 
tolerable salinities. When salinity varied, the hemolymph 
osmolality tended to follow the external osmolality, with a 
slight positive difference of only about 15 mosm/kg. This is 
probably due to the colloid osmotic pressure of plasma 
proteins. B. thermydron is therefore an osmoconformer like 
the Majidae Libinia emarginata, Pugettia producta (Mantel 
and Farmer, 1983), Maja sp. (Potts and Parry, 1963), and 
Chionoecetes sp. (Mantel and Farmer, 1983; Hardy er al., 
1994): the Cancridae Cancer antennarius (Jones, 1941; 
Gross, 1964) and C. pagurus (Péqueux, 1995): and the 
Calappidae Calappa hepatica (Kamemoto and Kato, 1969). 
As already noted by different authors (reviewed in Mantel 
and Farmer, 1983: Péqueux, 1995), osmoconformity does 
not permit survival at salinities widely different from sea- 
water, and these osmoconformers are marine stenohaline 
species. As in other crustaceans, the osmolality of the he- 
molymph of B. thermydron was mostly due to inorganic 
ions, essentially Na* and Cl” (Péqueux, 1995), which ac- 
counted for about 95% of the total hemolymph osmolality. 
The regulation of these ions was almost iso-ionic. In these 
crabs, hemolymph Cl” and Na‘ concentrations respectively 
represented about 93% and 102% of the same ion concen- 
trations in the medium. There is thus a slight excess of Na’ 
and a slight deficit of Cl” in the hemolymph compared to 
the medium, as is noted in other osmoconformers such as 
the Majidae Libinia emarginata (Gilles. 1970), Maja sp. 
(Potts and Parry, 1963), and Chionoecetes opilio (Hardy et 
al., 1994): the Cancridae Cancer antennarius (Gross, 1964); 
and the Calappidae Calappa hepatica (Spencer et al., 1979). 

In B. thermydron, the hemolymph Ca?’ concentration 
was slightly hyper-regulated, as noted by Prosser (1973) in 
marine crustaceans. K* concentration was slightly hyper- 
hypo-regulated. However. among crustaceans, K” is often 
found in higher concentration in the hemolymph than in the 
medium (Mantel and Farmer, 1983). 

In B. thermydron, Mg?* concentration was strongly 
hypo-regulated. The concentration of this ion was about 44% 
of that found in the medium, a percentage included in the 
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standard range of hemolymph Mg** concentration for 
brachyurans, that is, between 20% and 80% of the medium 
concentration (Prosser, 1973). As in several species of 
crabs, Mg** might be excreted through the antennal glands 
(Morritt and Spicer, 1998). Other osmoconformers such as 
Maja squinado or Hyas sp., which are relatively “unrespon- 
sive” (slow-moving) species, have higher hemolymph 
Mg?* concentration (about 80% of that of seawater) (Rob- 
ertson, 1960; Frederich et al., 2000). B. thermydron exhibits 
n hemolymph Mg** concentration closer to that of more 
“active” crabs such as Carcinus maenas and Pachygrapsus 
marmoratus, in which the ion concentration is helow 50% 
of that found in the medium (Robertson, 1960; Frederich et 
al., 2000). This fact can be related to the active locomotor 
behavior of B. thermydron (Williams, 1980; Guinot, 1988: 
Guinot and Segonzac, 1997), which is evident in visual 
observations and video monitoring (Jean-Yves Toullec, 
pers. obs.) that show the crabs frequently moving on chim- 
neys, in and out of the warm areas, and among the vesti- 
mentiferans or mussels on which they feed. In addition, 
these results show that the crabs had retained a strong ability 
to hypo-regulate Mg~ in their hemolymph after their trans- 
fer to the surface and one or two days of exposure to 
different media. Thus. their osmoconformity and their Na” 
and Cl” iso-regulation most probably result from a specific 
pattern and not from damage to the integument or serious 
stress due to the pressure change associated with bringing 
the crabs to the surface. 

Exposure to high pressure did not affect the hemolymph 
osmolality of B. thermydron exposed to low salinity, when 
compared to crabs kept at atmospheric pressure. In these 
deep-sea hydrothermal crabs, osmoconformity thus appears 
to be unaffected by a change in hydrostatic pressure. This 
contrasts with the few tested epibenthic crabs in which 
osmotic and ionic regulation may vary in relation to pres- 
sure. For instance, short-term exposure (1—3 h) to pressure 
of 50-100 bars significantly affected the concentration of 
the inorganic ions (Na*, K*, C17, Ca?*, Mg**) in hemo- 
lymph of Carcinus maenas (Péqueux and Gilles, 1984), but 
changed only the Ca?™ content of the hemolymph in Erio- 
cheir sinensis (Sébert et al., 1997). 


Ecological implications 


Because B. thermydron is a marine stenchaline osmocon- 
former, we may hypothesize that this species occupies a 
deep hydrothermal habitat where salinity is stable and close 
to that of seawater. This hypothesis has been verified in the 
present study through direct measurements of the ambient 
salinity. The salinity of the hydrothermal water directly 
measured on samples taken on the 9°N and 13°N EPR was 
approximately 32.7% to 34.3% -34.7%e. These values are 
close to the salinity of standard Pacific seawater, 34.62%< 
(Ivanoff, 1972). The osmoregulation pattern of B. thermy- 


dron confirms that these crabs live in an environment where 
salinity is stable and close to 33%e—35%o. In addition, these 
values of salinity add to the knowledge of the ambient 
parameters of the deep-sea hydrothermal environment 
(Mid-Atlantic Ridge or East Pacific Rise) where Ca?”, 
Me?" Cl’, PO? . NO, . NH,. NO, . and NO,” con- 
centrations have been measured (Truchot and Lallier, 1998; 
Sarradin et al., 1998, 1999). 


Phylogeny and osmoregulatory adaptation 


The phylogenetic origin of the Bythograeidae is disputed 
(Delamare Deboutteville and Guinot, 1981; Guinot, 1988, 
1990). According to Williams (1980), Tudge et al. (1998), 
and Sternberg et al. (1999), Bythograea thermydron 
exhibits some similarities to Potamoidea (Potamidae), 
Portunoidea (Portunidae), and Xanthoidea (Goneplacidae: 
Xanthidae; Trapeziidae). The marine stenohaline osmocon- 
former B. thermydron may thus have derived from families 
consisting mainly of crab species that are able to strongly 
osmoregulate (Jones, 1941; Shaw, 1959: Robertson, 1960; 
Ballard and Abbott. 1969; Kamemoto and Kato, 1969; 
Harris and Micallef, 1971; Taylor et al., 1977; Birchard et 
al., 1982; Blasco and Forward, 1988; review in Mantel and 
Farmer, 1983). During its evolution, B. thermydron would 
have lost its ancestor's osmoregulatory ability, which had 
become superfluous in an environment where salinity is 
stable. A similar, if not identical, pattern of evolution has 
been reported in some freshwater caridean shrimps—for 
example, Palaemonetes paludosus (Dobkin and Manning, 
1964) and P. argentinus (Charmantier and Anger, 1999). 
These species, which live in fresh water or in low-salinity 
habitats, have lost the useless function of hypo-regulation 
usually present in osmoregulatory caridean shrimps and 
have retained only the capacity to hyper-regulate. 


Acknowledgments 


The authors warmly thank Prof. Daniéle Guinot, who 
provided useful ideas on crab phylogeny and reviewed a 
draft of the manuscript. They also thank Dr. F. Lallier, the 
chief scientist of the HOPE 99 cruise, Dr. P.-M. Sarradin for 
the supply of bottom seawater, and Dr. L. Nonnotte for the 
loan of the osmometer used aboard ship. 


Literature Cited 


Airries, C. N., and J. J. Childress. 1994. Homeoviscous properties 
implicated by the interactive effects of pressure and temperature on the 
hydrothermal vent crab Bythograea thermydron. Biol. Bull. 187: 208- 
214. 

Ballard, B. S.. and W. Abbott. 1969. Osmotic accommodation in Cal- 
linectes sapidus Rathbun. Comp. Biochem. Physiol. 29: 671—687. 
Birechard, G. F., L. Drolet. and L. H. Mantel. t982. The effect of 
reduced salinity on osmoregulation and oxygen consumption in the 
lady crab. Ovalipes ocellatus (Herbst). Comp. Biochem. Physiol. 71A: 

321-324. 





OSMOCONFORMITY IN B. THERMYDRON 173 


Blasco, E., and R. B. Forward, Jr. 1988. Osmoregulation of the xanthid 
crab, Panopeus herbstii. Comp. Biochem. Physiol. 90A: 135-139. 
Charmantier, G. 1998. Ontogeny of osmoregulation in crustaceans: a 

review. /nvertebr. Reprod. Dev. 33: 177-190. 

Charmantier, G., and K. Anger. 1999. Ontogeny of osmoregulation in 
the palaemonid shrimp Palaemonetes argentinus (Crustacea: Deca- 
poda). Mar. Ecol. Prog. Ser. 1841: 125-129. 

Cosson, R. Pa and J.-P. Vivier. 1997, Interactions of metallic ele- 
ments and organisms within hydrothermal vents. Caf. Biol. Mar. 38: 
43-50. 

Dahlhoff, E., J. O'Brien, G. N. Somero, and R. D. Vetter. 1991. 
Temperature effects on mitochondria from hydrothermal vent inverte- 
hrates: evidence for udaptation to elevated and variable habitat tem- 
peratures. Physiol, Zool, 64: 1490-1508. 

Delamare Deboutteville, C., and D. Guinot. 1981. Considérations sur 
les Bythograeoidea Williams, nouvelle superfamille de crabes de la 
dorsale Pacifique Est. Vile Réunion des Carcinologistes de Langue 
Francaise, Banyuls-sur-Mler, France, 1-6 June 1981 (Abstract). 

Deshruyéres, D., P. Chevaldonné, A.-M. Alayse, D. Joltivet, F. H. 
Lallier, C. Jouin-Toulmond, F. Zal, P.-M. Sarradin, R. Cosson, 
J. C. Caprais, C. Arndt, J. O’Brien, J. Guezennec, S. Hourdez, R. 
Riso, F. Gaill, L. Lauhier, and A. Toulmond. 1998. Biology and 
ecology of the “Pompeii worm” (Alvinella pompejana Desbruyères and 
Laubier), a normal dweller of an extreme deep-sea environment: A 
synthesis of current knowledge and recent developments. Deep-Sea 
Res. lf 45: 383-422. 

Dixon, D. R., R. Simpson-White, and L. R. J. Dixon. 1992. Evidence 
for thermal stability of ribosomal DNA sequences in hydrothermal vent 
organisms. J. Mar, Biol. Assoc. UK 72: 519-527. 

Dobkin, S.. and R. S. Manning. 1964. Osmoregulation in two species of 


Palaemonetes (Crustacea: Decapoda) from Florida. Bull. Mar. Sci. Gulf 


Caribb, 14: 149-157. 

Drach, P. 1939. Mue et cycle d’intermue chez les Crustacés Décapodes. 
Ann, Inst. Océanogr. 19: 103-391. 

Epifanio, C. E., G. Perovich, A. 1. Dittel, and S. C. Cary. 1999. 
Development and behavior of megalopa larvae and juveniles of the 
hydrothermal vent crab Bythograea thermydron. Mar. Ecol. Prog. Ser. 
185: 147-154. 

Fisher, C. R. 1990. Chemoautotrophic and methanotrophic symbioses in 
marine invertebrates. Crit. Rev. Aquat. Sci. 2: 399-436. 

Fisher, C. R. 1998. Temperature and sulfide tolerance of hydrothermal 
vent fauna. Cah. Biol. Mar. 39: 283-286. 

Frederich, M., F. J. Sartoris, W. E. Arntz, and 11.-O. Pértner. 2000. 
Haemolymph Mg** regulation in decapod crustaceans: physiological 
correlates and ecological consequences in polar areas. J. Exp. Biol. 
203: 1383-1393. 

Geret, F., N. Rousse, R. Riso, P.-M. Sarradin, and R. P. Cosson. 1998. 
Metal compartmentalization and metallothionein isoforms in mussels 
from the Mid-Atlantic Ridge: preliminary approach to the fluid-organ- 
ism relationship. Cah. Biol. Mar. 39: 291-293. 

Gilles, R. 1970. Osmoregulation in the stenohaline crab “Libinia emar- 
ginata” Leech. Arch. Int. Physiol. Biochim. 78: 9\-99. 

Grassle, J. F. 1986. The ecology of deep-sea hydrothermal vent 
communities. Adv, Mar. Biol. 23: 301-362. (Cited in Epifanio er al., 
1999.) 

Gross, W. J. 1964. Trends in water and salt regulation among aquatic 
and amphibious crabs. Biol. Bull. 127: 447-466. 

Guinot, D. t988. Les crabes des sources hydrothermales de la dorsale du 
Pacifique oriental (campagne Biocyarise, 1984). Oceanol. Acta, Spec. 
Vol. 8: 109-118. 

Guinot, D. 1989. Description de Segonzacia gen. nov. et remarques sur 
Segonzacia mesatlantica (Williams): campagne HY DROSNAKE [988 
sur la dorsale médio-Atlantique (Crustacea Decapoda Brachyura). Bull. 
Mus. Natl. Hist. Nat. 41: 203-231. 


ninot, D, 1990. Austinograea alayseae sp. nov., Crabe hydrothermal 
découvert dans le bassin de Lau. Pacifique sud-occidental (Crustacea 
Decapoda Brachyura). Bull, Mus. Natl Hist, Nat. 11; 879-903. 

Guinot, D., and M. Segnnzac. 1997. Description d'un crabe hydrother- 
mal nouveau du genre Bythograea (Crustacea, Decapoda, Brachyura) 
et remarques sur les Bythograeidae de la dorsale du Pacifique oriental. 
Zoosystema 19: 121-149. 

Hardy, D., J. Munro, and J.-D. Dutil. 1994, Temperature and salinity 
tolerance of the soft-shell and hard-shell male snow crab, Chionoecetes 
opilio. Aquaculture 122: 249-265. 

Harris, R. R., and H. Micallef. 1971. Osmotic and ionic regulation in 
Potamon edulis, a fresh water crab from Malta. Comp. Biochem, 
Physiol. 38A: 769-776. 

Hessler, R. R., and G. D. F. Wilson. 1983. The origin and biogeography 
of Malacostracan crustaceans in the deep sea. Pp. 227-254 in Evolu- 
tion, Time and Space: The Emergence of the Biosphere, R. W. Sims, 
J. H. Price. and P. E. S. Whalley, eds. Academic Press, London. 

Ivanoff, A. 1972. Jniroduction à | Océanographie. Tome 1: Propriétés 
Physigues et Chimiques des Eanx de Mer. Vuibert, Paris. 208 pp. 

Jinks, R. N., B.-A. Battelle, E. D. Herzog, L. Kass, G. H. Renninger, 
and S. C. Chamberlain. 1998. Sensory adaptations in hydrothermal 
vent shrimps from the Mid-Atlantic Ridge. Cah. Biol. Mar. 39: 309- 
Suz. 

Jones, L. L. 1941. Osmotic regulation in several crabs of the Pacific 
coast of North America. J. Cell. Comp. Physiol. 18: 79-92. 

Kamemoto, F. 1., and K. N. Kato. 1969. The osmotic and chloride 
regulative capacities of five Hawaiian decapod crustaceans. Pac. Sci. 
23: 2 7) 

Lalier, F. H., L. Camus, F. Chausson, and J.-P. Truehot. 1998. Struc- 
ture and function of hydrothermal vent crustaceans haemocyanin: an 
update. Cah. Biol. Mar. 39: 313-316. 

Mantel, L. H., and L. L. Farmer. 1983. Osmotic and ionic regulation. 
Pp. 53-161 in The Biology of Crustacea, Vol. 5: Internal Anatomy and 
Physiological Regulation, L. H. Mantel, ed. Academic Press, New 
York. 

Mickel, T. J., and J. J. Childress. 1982a. Effects of pressure and 
temperature on the EKG and heart rate of the hydrothermal vent crab 
Bythograea thermydron Brachyura. Biol. Bull. 162; 70-82. 

Mickel, T. J., and J. J. Childress. 1982b. Effects ot temperature, 
pressure and oxygen concentration on the oxygen consumption rate of 
the hydrothermal vent crab Bythograea thermydron Brachyura. 
Physiol. Zool. 55: 199-207, 

Morritt, D., and J. 1. Spicer. 1998. The physiological ecology of talitrid 
amphipods: an update. Can. J. Zool. 76: 1965-1982. 

Newman, W. A. 1985. The abyssal hydrothermal vent invertebrate fau- 
na: a glimpse of antiquity? Bull. Biol. Soc. Wash. 6: 231-242. 

Péqueux, A. 1995. Osmotic regulation in crustaceans. J. Crustac. Biol. 
15: 1-60. 

Péqueux, A., and R. Gilles. 1984. Control of extracellular fuid osmo- 
lality in crustaceans. Pp. 18-34 in Osmoregulation in Estuarine and 
Marine Animals, A. Péqueux, R. Gilles, and L. Bolis, eds. Springer, 
Berlin. 

Potts, W. T. W., and G. Parry. 1963. 
Animals. Pergamon Press, Oxford. 423 pp. 

Powell, M. A., and G. N. Somero. 1986. Adaptations to sulfide by 
hydrothermal vent animals: sites and mechanisms of detoxification and 
metabolism. Biol. Bull. 171: 274-290. 

Prosser, C. L. 1973. Inorganic ions. Pp. 79-110 in Comparative Animal 
Physiology, C. L. Prosser, ed. Saunders, Philadelphia. 

Prosser, C. L., and F. A. Brown, Jr. 1965. Comparative Animal Phys- 
iology. W. B. Saunders, London. 688 pp. 

Robertson, J. D. 1960. Osmotic and ionic regulation. Pp. 317-339 in 
Physiology of Crustacea, Vol. 1, T. H. Waterman, ed. Academic Press, 
New York. 


Osmotic and lonic Regulation in 


174 A.-S. MARTINEZ ET AL. 


Sarradin, P.-M., J.-C. Caprais, P. Briand, F. Gaill, B. Shillito, and D. 
Desbruyéres. 1998. Chemical and thermal description of the envi- 
ronment of the Genesis hydrothermal vent community (13°N, EPR). 
Cah. Biol. Mar. 39: 159-167. 

Sarradin, P.-M., J.-C. Caprais, R. Riso, R. Kerouel, and A. Aminot. 
1999. Chemical environment of the hydrothermal mussel communi- 
ties in the Lucky Strike and Menez Gwen vent fields, Mid Atlantic 
Ridge. Cah. Biol. Mar, 4: 93-104. 

Sébert, P., B. Simon, and A. Péqueux. 1997. Effects of hydrostatic 
pressure on energy metabolism and osmoregulation in crab and fish. 
Comp. Biochem. Physiol. 116A: 281-290. 

Segonzac, M.. M. De Saint Laurent, and B. Casanova. 1993. 
L`énigme du comportement trophique des crevettes Alvinocarididae 
des sites hydrothermaux de la dorsale médio-atlantique. Cal. Biol. 
Mar. 34: 535-571. 

Shaw, J. 1959. Salt and water balance in the East African fresh water 
crab. Potamon niloticus (M. Edw.). J. Exp. Biol. 36: 157-176. 

Sokal, R. R., and F. J. Roblf. 1981. Biometry: The Principles and 
Practice of Statistics in Biological Research. W. H. Freeman, San 
Francisco. 859 pp. 

Spencer, A. M., A. H. Fielding, and F. 1. Kamenioto. 1979. The 
relationship hetween gill NaK-ATPase activity and osmoregulatory 
capacity in various crabs. Physiol. Zool. 52: 1-10. 

Sternberg, R. V., N. Cumberlidge, and G. Rodriguez. 1999. On the 
marine sister groups of freshwater crabs (Crustacea: Decapoda: 
Brachyura). J. Zool. Syst. Evol. Res. 37: 19-38. 

Susanto, G. N., and G. Charmantier. 2000. Ontogeny of osmoregula- 
tion in the crayfish Astacus leptodactylus. Physiol. Biochem. Zool. 73: 
169-176. 

Taylor, E. W., P. J. Butler, and A. Al-Wassia. 1977. The effect of a 
decrease in salinity on respiration, osmoregulation and activity in the 
shore crab, Carcinus maenas (..) at different acclimation temperatures. 
J. Comp. Physiol. 119: 155-170. 

Truchet, M., C. Ballan-Dufrangais, A. Y. Jeantet, J.-P. Lechaire, and 


R. Cosson. 1998. Le trophosome de Riftia pachyptila et Tevnia 
yerichonana (Vestimentifera): bioaccumulations métalliques et métabo- 
lisme du soufre. Cah. Biol, Mar. 39: 129-141. 

Truchot, J.-P., and F. H. Lallier. 1998. High CO, content in hydro- 
thermal vent water at the Snake Pit area, Mid-Atlantic Ridge. Cah. 
Biol. Mar. 39: 153-158. 

Tudge, C. C., B. G. M. Jamieson, M. Segonzac, and D. Guinot. 1998. 
Spermatozoal vltrastructore in three species of hydrothermal vent crab, 
in the genera Bythograea, Austinograea and Segonzacia (Decapoda, 
Brachyura, Bythograeidae). fnvertebr. Reprod. Dev. 34: 13-23. 

Tunnictilfe, V. 1988. Biogeography and evolution of hydrothermal-vent 
fauna in the eastern Pacific Ocean. Proc. R. Soc. Lond. B 233: 347-366. 

Tunnicliffe, V.. A. G. MeArthur, and D. McHugh. 1998. A biogeo- 
graphical perspective of the deep-sea hydrothermal vent fauna. Adv. 
Mar. Biol. 34: 353-442. 

Van Dover, C. L. 1995. Ecology of the Mid-Atlantic Ridge hydrother- 
mal vents. Pp. 257-294 in Hydrothermal Vents and Processes, L. M. 
Parson, C. L. Walker, and D. R. Dixon, eds. Geological Society, 
London. 

Van Dover, C. L., A. B. Williams, and J. R. Factor. 1984. The first 
zoeal stage of a hydrothermal vent crab (Decapoda: Brachyura: By- 
thograeidae). Proc. Biol. Soc. Wash. 97: 413-418. 

Van Dover, C. L., J. R. Factor, A. B. Williams, and C. J. Berg, Jr. 1985. 
Reproductive patterns of decaped crustaceans from hydrothermal 
vents. Bull. Biol. Soc. Wash. 6: 223-228. 

Vetter, R. D., M. E. Wells, A. L. Kurtsman, and G. N. Somero. 1987. 
Sulfide detoxification by the hydrothermal vent crab Bythograea ther- 
mydron and other decapod crustaceans. Physiol, Zool. 60: 121-137. 

Weast, R. C. 1969. Handbook of Chemistry and Physics, 50 Ed. The 
Chemical Rubber Co., Cleveland. OH. 2033 pp. 

Williams, A. B. 1980. A new crab family from the vicinity of submarine 
thermal vents on the Galapagos rift (Crustacea: Decapoda: Brachyura). 
Proc. Biol. Soc. Wash, 93: 443-472. 


